UNCLASSIFIED 


AD NUMBER 
NEW LIMITATION CHANGE 
TO 


Approved for public release, distribution 
unlimited 


FROM 


Distribution: Further dissemination only 
as directed by US Army Edgewood Arsenal, 
Chemical Research and Development Lab., 
Edgewood Arsenal, MD 21010, Jan 1966; or 
higher DoD authority. 


AUTHORITY 


US Army Edgewood Arsenal ltr dtd 21 Sep 
1971 


THIS PAGE IS UNCLASSIFIED 


AD 49793 


HEAT INDUCED HYPERVENTILATION 
. AND THE PROTECTIVE MASK _ 


inal Report 


Mukul R. Bane:*jee 
Robert W. Bullard 


January 1966 


US Army Edgewood Arsenal 
CHEMICAL RESSARCH AND DEVELOPMENT LABORATORIES 
Edgewood Arsenal, Maryland 21010 


Contract DA=18-035-AMC-25), (A) 
Task 10622),01A09701 


Department of Anatony-Fhystology” 
Indiana University 
Bloomington, Indiana 


HEAT INDUCED HYPERVENTILATION 
AND. THE PROTECTIVE MASK 


6 net cn RE OP ERIN LDS LIL ESS 
; 
: 
5 
£ 
f 
fi 
£ 
: 
ES 


inal Report 


Mukul R. Bane-jee 
Robert W. Bullard 


LEAS we ARNE che Rene et ete 


pera 


January 1966 


a etn eta 


US Army Edgewood Arsenal 
CHEMICAL RESSARCH AND DEVELOPMENT LABORATORIES 
Edgewood Arsenal, Maryland 21010 


Contract DA-18-035-AMC-25),(A) 
Task 10622h01A09701 


Department of Anatony-Phys tology’ 
Indiana University 


| 
Bloomington, Indiana 


a eee a eee Se 


FOREWORD 


These tests were authorized under Task 10622l;01A09701 
Biological Investigation and Evaluation of Protective 
Equipment. “he observations were made between July 196) 
and June 1965. 
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DIGEST 


The impairment in the performance of men wearing the 
protective clothing was determined by measuring the respiratory 
and thermal responses of the subjects walking on a treadmill 
at 3 mph, zero grade at 21° and LO°C and 10 m: Hg vapor 
pressure. The major cause of the ciscomfort was found to be 
thermo-regulatory in nature. 


Tne conclusions are as follows: 


The M6 hood adds considerably to the heat stress of the 
subjects. Similarly, as ce™pared to suvjects with the heads 
kept uncovered, wearing the M17 protective mask also results 
in greater discomfort in the heat. The lapairment in 
performance of men wearing the protective mask and hood is 
also evident when the rest of the body except for the loins is 
left bare and thus exposed to the environment for evaporative 
heat loss. However, at neutral ambient temperature the work~ 
ing ability of the subjects did not seem to be affected by 
wearing the entire set of the protective clothing, in¢luding 
the mask and hood, 


Since a high body temperature seems to be essential for 
@ rise in ventilation, further experiments need to be carried 
out to determine whether in subjects working in the heat, 
wearing mask and hood after the attainment of a rectal 
temperature of 39°C or more results in hyperventilation, 
The subjects in this series, however, all reported severe 
thermal discomfort prior to the attainment of any hyver- 
ventilation with only one exception. The attainment of a 
heat storage index above a tolerable level appeared to be 
the critical factor, 


Another extension of this problem will be to conduct 
some well designed basic experiments to investigate whether 
an increase in skin temperature of the head area can be a 
specific cause of rise in body temperatures. 
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HEAT INDUCED HYPERVENTILATION 
AND THE PROTECTIV? MASK 


INTRODUCTION. 


There are several factors which may sccount for dis-~ 
comfort or impairment in men wecring the protective mosk 
while working in the heat. Heat+-induced hyperventilation 
has been described in connection with dehydration (1). 
with high wet-bulb uw wmperacures (18) and with a ateady 
state of prolonged work (24). Weering of the mask may 
augment the hyperventilation because of sither the 
respiratory influences or thermal influences and this 
in turn may lead to impairment. 


The present study was conducted in differant phases. 
In the first phase, constitucing the major part of thie 
project, an attempt was made to evaluate the influence 
of wearing the M17 Mask and the Mask plus M6 hood during 
work in the heat on physiological performance of the 
aubdjects. The other phases of the study were designed on 
the basis of the resultsof the first phas: depending 
on whethe. tne respiratory or thermal influences were 
important in the impairment. 


II. FIRST PHASE 


PROCEDURE. 


The first series of expsriments were conducted on 
eleven healthy male college students, Their physiological 
characteristics are listed in Table 1. List 1 includss 
the clothing and associated equipment worn by the subject. 
The clothing waa unimpregnated. The use of short underwear 
makes the heat load of assembly nore comparable with that 
of the 1-1/2 layer outfit than with that of the 2 layer 
outfit, The hood was unpressurized eincs the expirec air 
was collected, as will be described below, The respiratory 
characteristics of the mask were unaltersd except for the 
slight additional expiratory resistance of the tubing 
connecting the mask with the gasometor, 


Before the collection of date was begun, the. 
subjects had 5 days of training at a dry bulb temperature 
(DST) of 40°C and a wet bulb temperature (WBT) of 21,5°C. 
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The original. protecol called for walks a_ 115°F, 
However, the initial experiments clew” Yenonstrated 
thet with clothing and vith mask and how, such thermal 
conditions would net be tolurated except for brief 
periods (Table 2), Reduction of the temperature to a 


“DBT of 40°C end-a “wero: 21..5°C appearad to bs the 


appropriate way to permit at ieast i hours of walking 
with mask. end hood: in most (sub jecte. 


The daily Spa lning:: sisted of aly ait a6 ore 
mill at 3 mph, sero grade peed 5 misiatesa followed OY a 
rest for 15 minutes, Th& schedule of walking ané resting 
war repeated for hears ¢ day. During the first three 
days of training, the clothing assembly in List 1, except- 
ing the M6 hood was worn ty the subject and during ‘he 
last two days the list of ztlothing wrn by the subject 
alsc included the hood, The jacket was tucked into the 
trousers and the trousers + tked into combst boots. The 
sleeves were rolled under tyes gloves, The hood covered 
the head, neck, and shoulcess, “and vas fastened with 
stiraps under the arms, Eack day freshly laundered 
clothes were worn by the subjects and a pair of ary 
filtera were inserted into the mask. 


Experimental data were »llected on 7 different . 
days from each subject under the test conditions ~ 
listed in T-hble 3, 


Measurements. 


Rectal temperature | at & septh of 10 cm. was obtained 


win a copper constentan thermocouple mounted in a 


catheter. For measuring the aiin vémperatures, thermo- 
couples were held against the skin with elastic tubing 

at the front and back of the c sst, back of the waist 

and above the imes, Minneapolis-Honeywell jacks and plugs 
with cepper and constantan elements were used to connect 
the wires from the subject with the wires isading to a 
Brown Electronic 14 poine recorder, A thermocouple was 
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Physical Charasteristica of Sub jects 
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Giothing Assembly | 
Jacket, cotton _ 


Trousers, cotton. 


T-shirt, cotton 


. 


Underwear, short, cotton 
Gloves, .cotton special for impregnation 
Socks, wool 

Mask,. protective, ML? ; 7 Sees. ad 
Hood, pretective, M6 

Combat boots 

Thermocouple supports, five «= °— 
Electrode supports, two 


Rectal thermocouple catheter 
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Description — . : : Code 


Dry bulb temperature 40%, wet bulb 
21.5%. Subjects wearing fatigues, 
T-shirt, gloves, woolen socks, com 
bat boots, ML7 mask and M6 hood. 


As above, minus the hood ae 


"As above, minus the mask 


Dry bulb 21%, wet bulb 15%; othervise 
game as exper inent sf _ 


Same as above, minus the hood _ | 
HN 


Same as above, minus the mask 


7 Same as experiment #1 minus the fatigues, 
T-shirt and gloves. Boots replaced by gym 
shoes and woolen socks by short cotton socks. 


also fixed on the forehead of the subject, The 
thermocouple junction for measuring the skin temperature 


: was placed in e soft. plastic. screen. The screen was 


attached.to one surface of a hard plastic. ring which 


‘ Was 0.3 om in thickness end had an internal diameter of 


1.2 om. The ring was connected to an elastic: band for 


| fastening to. a particular area. of the skin, 


For. measur ing’ the skin temperature of the forehead 
the. elastic band containing. the thermocouple was tied 
to the lower edge of the: forehead. The upper edge of 
the .M17 Mask, on the -otherhand, was. in contact with 

the forehead just below the hair. line. Thus ‘the * 
sensing element on one side was in contact with the 


‘forehead skin, and on its other sido wes: pecans to 
: air entrapped in the mask. 


Integrated heert rate was mond taned by: recording 
the electrocardiogram on-an Offner system and. with a 
Phipps and Bird Cardiotachometer, The electrodes were 


ane against the chest with elastic belts. 


‘The M17 Mask was modified to perniit: colléetion of 


ee air. by removing the Voicemitter-outlet valve 


cover and forcing a tight fitting copper tube i: to the 
outlet valve seat. The copper tube was connectea .o 


respiratory .tubing which led: to a 170 liter gasometer, 


A small pump continuously sampled the expired air as 


At entered the gasometer. These samples were analyzed 


for CO> (with the Beckman LBI analyzer). and 0, (with 


a Chemtronics transducer). A small metal tub ng with 


holes drilled in it was fitted to thea nose-cup of the 


+ mask in order to monitor pressure in the nose chamber 


of the protective mask and to record the respiratory 


nawequency. of the subject. 


; The above neasurements ‘were taken at 20 minute 
intervals, During each hour of the experiment these 
were recorded twice during the walk and once during the 
rest period, 


The sub jects ‘were ‘vataied nude to within 5 grams 


on a Buffalo platform scale before and after the vaay'e 


work. They were also weighed completely clothed before 
and after the walk,. during every. hour in each rest 


’ . period while *ec}ining on a chair attaches to # 


_._2e 


platform scale. 


Statistical Analyaes. . 


‘The experimental date obtained during the walk 


have been analyzed separately from those obtained during 
_ the rest. ‘The data were cubjected to simple. correlation 


and regression analyses, Statistical significance of 
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'. by time over all the subjects, These everage values are 


B. 


 ‘Thie was done because the number of experiments under 
- hot conditions was not the same as those under cold 


'- separately in Tables 5 and 6 respectively. The change 


the differences in mean values of physiologicel responses 
in different experiments was determined by. 't' tests. 


conditions,. Nine experiments under hot conditicns were 
incomplete due to the failure by the subjects: to finish 
the k-hour walk. In addition, there was occasional 
missing of data due to the technical difficulties, There- 
fore, the data in each experiment were initially averaged 


plotted. in Figures 1 through 7. 
RESULTS, 


The overall average values and standerd deviations 
of the physiological responses obtained under different 
experimental conditions are listed-in Table 4, The mean 
values of the responses obtained during the walk periods 
and those obtained during the rest periods are shown 


in thease responses with respect to times is shown in 
Figures 1 through 7. The values ind minute represent 
pre-walk data and those in 240 minutes represent recovery 
data. Besides, the data in 60, 120, and 180 minutes were 
also obtained while the subdjects were resting. The best 
fitting relationships describing the rate of change in 
physiological responses were obtained by the method of 
least squares and are given in Table 7 for the waik 

data and in Table 3 for the rest data. ‘t' tests of the 
above data are presented in Appendix Tables IA through 
IE. The parametors which failed to show any significant 
't! value were excluded from the tables. 


1. Body Temperatures: It will be apparent from the 
above tables that there was a genorel tendency for an 
increased rate of body heating in the experiments with 
hood under hot conditions (DBT 40°C). 


(a) Forehead Skin Temperature --- The greatest 
measurable difference appears CS be In the forehead skin 
temperature (Tf) which was averaging 1.4°C higher in 
experiments in the heat wth both mask and hood on (HH) 
than in experiments with mask only (HM). The difference 
in Ty between the FA experiments and the ones where the 
body was naked except for the areés covered by the mask, 
hood and shorts (HN) was 0,6°C, Rven under cold conditions 
(DBT 21°C) the Trp was highest in experiments with mask 
and hood (CH). fe difference -in Tp between CH experi- 
ments and those with mask only (CM) was 1,2°0. When the 
Trp data were analyzed separately for the walk and rest 
periods (Tables 5 and 6), the results were essentially 
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the Be08. ae those of the walk and reat wh: Ace sor 


The Tp in, expprimente with maek only WES ae saa in 
those ‘ith head pare (B) both weder hot aud ecld coms 
ticnas, However, these differences ware ctabiaticckir 
eignificant ohly for the. axperinants an the heat (Appendiz 
fable IA). . The difference in Tf, betwben the cold anc. 


, hegt experimenta was highly sz deant, The ei pee ot 
‘the hood resulted in a gignificentiy highsr Te im tO8G 7° 


experinents, In heat experiments this Waa tris “for eels” 
date only (Appendix Tables TB and EC). 


the plea in Tp with time wes highly. signiPicant in 
HM, HY, and HN axperineats (Tables 7 & 6 and Figure 1). 
The aifferances in regrassion coefficiantea among there 


- experiments were not gignificant for the welk data 


(Appendix Tables ID}. However, for the rest data, the 
rise in Te in AH experiments was atgnificantiy da 
than in HM and HN oxperiments (Appendix Table TZ). ‘the 
‘pb! values (4.e., regression coefficients) wore larger 
in est experiments with hood (viz., HH and EN} for 

the roast cata as commared to the walk data, In HB 
experiments and: in expsriments in the cold there was an 
initial decline in Tp for the first forty minutes. Then 
it remained steady ur to 160 minutes when it began to 


rise, Tho riss.was most -pronounced in HB experiments 
followed by CH Sxper iments. 


(o) - Reetal Tempereture---The mean rectal temperature 
(T,.) was higher In best t experiments as compared to those 


_in'the cold (Tables 4,5,6). In the heat, 7, was higher 


with the hood than with mask alone and lower witucut 
either mask or hood, T,, in HN experiments approached the 


value of that in BB experiments. However, none of these 
(aifferences were statistically significant and thus act 


included in the tabiies of 't' tests. Some of the data 


wore teatéd by the Analysis of Variance. The analysis 


revealed @ great deal of variation due to subjects, This 


‘might have contributed to the now significant differences 
in une penne ore, among different experiments, 


There was a significant rise in T, with tine in ali 


the experiments (Tables 7 and 8, Figura: 2). The slcpe is 


steeper in heat experiments than in cold experiments. 
The coefficients were lerger in experiments with mask 
and hood on than in those with mask only at both high 
and low room tempsraturé~, Howsver, these differences 


were not significant. (Appendix’ Tables ID and IE}. The 


rise in T, was faster in HM experiments than in AB 
experiments, For the walk data ‘the 'b? value was larger 
in HN experiments than “in EB experiments. — Bes, 


(c) Maan’ Sk ! ‘Der @rature---Tha mean skin temoera= 


ture (T,) was calculated from the umeighted aversss of 
the weadings of the thermcccuples in four lotations 


aa Best Available Copy 


rs 


excluding the for: aad, 
heat ‘experiments “an roe 
Appendix Taoles i, IG. and 20} ae 28 
was higher than i HM experience » cet ot 
.. turn yielded a hi cher T, than HB exper 

ments with a lergs | surface araa exposed. 
ment. yleldad the. Lowest 7 age 


ate 


“The time treiid in T, was” significent im 6 
experiments under resting conditions (Tarte 8) 
walk data this was true only for exper inene 8 in bee 
heat (Table 7}. However, there were no significant 
differencea among heat or cold axperinents in their 
'b! values (Appendix Tables M end IE), It will be 
seen from Figure 3 that in HN expeximent: with the body 
exposed for ovaporation, Tg was lowest c. ail heat 
expacimante both in its magnitude and rase of nici 
ths difference became smaller ea tha expsriment progressed, 
' parciculerly daring the latter half of ths prpeninatal 
period, 


(@) Mean Body Temperature---Mean body temperature 
(T,) was garcuteces from the rectal and skin comporatures 
sighted two-thirds end one-third respectively. 


y 
? 


In the expsriments at 4O°C T, was the highest in 
the HH series and in HN series it was ths lowest (Table i). 
The HM experinents yielded higher T, than did the HB 
experiments. At low room temperature the highest Tp 
was recorded in CM experiments, Wearing of the hood 
caused a greater rise in Ty) for the walk date at boti 
room temperatures. The rise in Ty in HN eepentaenta” 
was 3low during the first half of the experimental 
period (Figuxe 4). After the second hour of the 
experiments, the slopes in HN and HB exporiments bocame 
paraliel. For the walk data the *'bt value in HN 
experiments was greater than in FS experiments (Table 7). 


'. Por the rest data the ‘tb! values in both HN and HB 


expuriments were identical (Table 8). 


2. Heart Rate: Due to the mechanical and electrical 
interference encountered occasionslly in recording the 
heart rate from the subjects while walking, the data on 
the heart rate obtained during the walk periods were 
fewer than .those obtained ‘during. -the vest periods. 


The. ‘average heart rates were. higher in experimonte 
in the neat’ than in the cold (Tables, 5, 7). The 
‘wearing of the mask and hood resulted in. higher rates 
both in heat..and cold experiments, while tho wearing of 
the mask alone resulted in. higher. Pater only in experi- 
ments in the heat, Heart rates were: ‘adcut the same both 


in HB and aN SAP OR mats: a2 ae 
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Vie was a slgnitisent Gnercage 2n 
.. wine in ths experiments in the heat for 
| {fable & 2hd Figures 5). -"or walk dats, the > 
‘‘wee not significant: in HB experiments {Table 7), - Foe 
“welk dota, thé regresdior coefficient wes lnzonst 46 2H. 
exverinents followed in order ty thoes in HU, BM, ané 
., HB experiments. For rest data the 'b? yeiue was lasgest 
in HM experimente. This wae Téllewed by Use ‘ht values 
_ in HH, BY and ‘HB experiments, In cold axyperinentes 
rise in neart rats was greatest in experiments with che 
hogd un ee and lowest in experiments with the head keps 
bare (CB), meat ee 
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i 
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a. Heaptretory yerjabies: Unlike body temporaurce 
there was Tittle Tr aeons respiratory responses 
between different experinents within the same embien? 
‘temporature, eit tre ee ewe, 

{a) Respiration Rate--*There was herdiy any differs 
ence in respiration frequency ({(f) among different experi- 
ments whetber in the heat or in the colé. The mean 
reepiration rate varied from 20 to 23 ser minute {Tabise 
4h, S, 6). The rise in f with tine wes aignificant caly 
. In BM and CB experiments for walk data (Table.7), ‘These 
'b!' values were ae Rt ay than thet of the HB 
. experiments (Appendix Table ID), 


(>) Minute Volume~--Hood wearing renulted in higher 
“minute volume {\ n wearing the mask alone “oth in 
hot and cold conditions (Table i). Howaver, J was 
highest in: cxperiments (HB, CB) with the uncoverad head 
at both room temperatures, Lowest ¥ was “obtained in BH 

. experiments When waik data were analyzed separately, 
HE experimenis yielded the higheet ¥, foliowed by HB and 
EM experiments (Table 5). Nons of these differences were 
stetistically significant (Appendix Tabis IS). In 63 
experiments VY was signifzicently higher than in the other 
two experiments in the cold. In rest data, ¥ was 
significantly higher in HB than in BN. and all‘ experiments 
in the coll (Table 6 end Appendix Table IC), 


There was significant increase in ¥ with time in HH 
experiments both in walk and rest data (Tables 7 and 8 and 
_ Figure 6). In. these experiments the regression coefficient 
was significantly larger than those: in HX and ali experi- 
ments in the cold (Appendix Tables ID and IE). Fer rest 
Gata there was a significant decrease in ¥ with tima in 


CB’ oxperiments, 


= (c) Partial Tension of Carbon Dioxzide--—The sverage 
partiel tension of CO, Tplds)" @ expired air renged 
from 27 to 30 ma Hg in different experiments (Table 4). 


gy Best Available Copy 


fhe, cifferensea in pds among thase exo 
not etatistioallyr significant (Apnendiz Ts 
Woen. the rest date only nere considered, % 
' p00g “in CB experiments’ was significantiv 
that in ail but «ne 3B expesiments. (Tavis o, oy. 
Appendix Table IC). Besides, the msan. pCO». in HE 
experiments. was’ significantly bower than iv surcrdaents 
with the hood on doth in the hO°C and 21°C experiments 


ee 
Lowar 4 


in the majority c. experiments thers was 4 decline 
in pCOo with tire (Tables 7? & 8 and Figure 7}, Eorcver, 
the regression coeffictents were significantly diffsrens 
from zero only in HH, HM, OM and CB experiments fer the 


walk data. At 40°C the. ducline in Coo preswure was 
vaximim in experiments with the hood on. Yearing the 
mask alone resulted in «% greater decline than with 

the head left bare, Az -21°C only mask wearing resulted 
in a maximum decline in pCO5. The deciine wae minieum 
in HN experiments. 


(d) ‘Mask Pressures--The average peek mask pressures 
(Py) wera higher in experiments in the heat than in the 
cold (Table 4). ‘he pressures varied from 3.0 to 3°3 
em Ho0 at higher room temperature and from 2.5 to 2, 
cm H50 at the lower room tempereture. The P,, in HN 
experiments was 2.7 cm H50. However, these differences 
in Py among different experiments were not statistically 
significant and thus are not included in the tables of 
't' testa (Appendix Table IA). For walk data, P,, in 
CH and CB experiments were significantly lower Shan in 
all but HN experiments in the heat (Table 5 end Appendix 
Table IB), For rest data the P, waa si gmificantly higher 
‘in HM experiments than in HB and CH experiments (Table 
6 and Appendix Table IC), 


‘The ib’ value for FP, was not significantly different 
_ from zero for walk data {indicating that no real incrvase 
occurred (Table 7 and Appendix Table ID}. For rest data 
the rise in P, was significant in HH, HM, CM end HN 
experiments, 


-.-. 4. Responses During the Final Walk: The data 
obtained prfor to the fina resting period corresponds 
with the observations at 220 minutes in the Figures 1 
through 7. These data listed in Tabla 9 represent 
approximately the peak values of different reaponses 
obtained in different experiments. In general the 
' ‘waluss were greater then the: average values obtained for 


“the entire walk data! (Table &).~ ~ w 


As earlier, Tp was maxionun in experiments with hood 
on and minimum in experiments with the bars head. HN 
experiments ranked next to the HH experiments in Pe. 
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However, Che Giffoergnse is Tp omnay 9 
~ phen ‘Sloat only wien: the ekpartisgn ts in 


Zs}, A similar ¢rend wae found wich. om 

By SQ ORE 2 Pp in He: orintece has Buk 

.Haghor than in SN experiments. The Tin 

., Rly was. significantly greater: thm Ui all. oxy 
[ons the lover temperature. Kean Twa’ ae we 
mask and heod on followed by mackaiona. this was 


= tonsistent both in heat and told experiman:s. “Ne~ 


ever, the €ifferance in:T, among different experiment 
within the same ambient temperature was not stetlaticallv 
: gignificant.. The response in-T,’ in diffarent experiments 
was essentially the same as that of T, with» vagard te 
the relative magnitude ana their atatieticar Cugmilleance.s 


mo, The average heart rate: was higher. at “he 40°C aubiens 

temperature. However, this was not-significantly differ- 
ent from the average rate at lower tempersiurs, ‘This 
might be due to the small degrees of freedom available 
for statistical tests and’ also cue to 7s large variation 
among the sub jecta. 


None of the respiratory verisbies. ‘aboued: any signi- 
Ficant difference in their. relative’ mignitudes in differ- 
of experiments. Thus they were not listed in the tabics | 

't tests. 


As. before, Seapiveation’s vate canned’: very little 
. from experiment to experiment. The only conspicuoens 
ifference in 0 was in ‘HH experiments. The last observed 
during walk wag on an average 3.l). liters: treater than 

the avorage ¥ of all the walk data (Tabls 5}. The 
average final pCOp during walk wes lower then the average 
pCO> of ali the walk data. However, the average pCOo of 
the rest data (Table 6) and that of the welk and fant 

' date combined (Table ) ware lower than th: last cbserved 
pCO> during walk. As earlier; Py, was .maximrw in experi- 
ments with mask only at both room. temperatures; However, 
the differences among different arr e ware not 
eteteees oe ay. significant, .- 


Se Body Weight: Loss in tieay reigee of the subsects 
. Was recorded -by walghing them nude before and after the 
end of the experinents.. They were also weighed with their 
clothes on every hour during ‘the. résting period. In 
addition, the gain. in weight of: the clothes worn by the 
sub jecta was also recorded by weighing the.clothes at the . 
p poe and at. the end of: ‘the SeDOnSAeRE RS 


‘(a)’ Nude Wei, t Lospat-Hood wearing. ‘had - the effect 


of adding over mask wearing slone st the higher 
room temperature and Osh: Rg at the lower rcom temperature 


ise - | ae adil Copy 


- 


t -che. sweat, opadnes on nS ‘the Oe 
thedy made weight less ifanie. i Ai 
axperinaits with the bare haat, nose cath rer’ ¢ : 
resulted in 0.29 Kg. greater mc ueigags & TLRS 
‘Benpo ra ture end 0.15 Kg: at. low. room temps: 28 
average mis werent. lous in EN. experiments waz ¢ 
loss. than thatin EB expe: imenta.- Sigali.gen’ a 
' exiated in wade weight. lose in exserimants betvse: 
mete temperatures but not betwaen Caper liner 


Tie 


tie same ambient temperature pppendss Table IA 


Te results wre essentially ‘the gare when dehyora= 


a tion #as expressed aa percent of the body weigns at she 


baginning of the experiment. The nude-weight logs 
varied from 3.22 to 4.38 percent in the heat and from 
256 to 1.82 percent in the cold. Only occasionally 5 
body. weight loss was obtained prior to tha attainment 
= a rectal temperature of 39,3°C as was asked for in 
. the original pretocoel of this study... It is obvious from 
Table 10 that the subjects, especially those with hood 
wers reaching 39.93°C rectal temperature prior to vory 
much dehydration. It may be that a high degree of 
dehydration with the heod prior to the 39.3 CG timit will 
be difficult to obtair under the present (experimental 
set-up. 


= (bo) Clothed Weight Loss---The evaporative lose 

from the subjects with their clothes on, when the oe 
ment is in progress, ia given by their clothed weight loss 
Adding hood over the mask made little differance in 
‘clothed weight loss at either room ‘tamperatures (Tebdle i}. 
_Hovever, with neither mask nor hood covering the head, the 
clethed weight loss became smaller particularivy in 

.; experiments inthe heat. In HN experiments charactsrized 
. by only the head and loin covered, the clothed weight 

- Loss.waz 2.40.%g in four hours while in HS exporinenta 


1 where. only the head was not covered, the loss was 2.23 


Kg. As in nude weight loss, the difference in clothed 
weight loss wae statistically significant only in experi- 
ments between twc temperatures anc not among experiments 
within the same temperature {Appendix Table IA). 


cae 4g) “Gain in. Clothes--~The loss. of tbody water which 
was nct. evaporated but was arrested by the clothes worn 


’ -? is giver. by the gein in weight of the clothes at the end 


—- Oxperiments ». 


of the experiments. It was meximum-in experiments in 
the heat, when the subjects had. both tiask and hood on, 
intermediate with mask alone and minimum with barchead 
(Tabie }.. The difference. became nonexistent in cold 
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6. TE eT? This was calculated from the 
clotiad we oss expressed in cumilative frequency for 
the four hourly measurements: taken during the resting periods 


of the experiment (fables 11 & 12). 


During the first two hours of the experiment thare was 
more evaporative loss from the subjects wearing only the mask 
than when wearing both the mask and hood. Thies was true for 

ta at both high and low room temper:sures. _Duriug 
the last two hours the evaporative loss with mask and hood on 
approached the same value as in experiments wit! only the mask 
on. The evaporative loss was censistently gr*.cer in HK 
experiments than iu HB experiments. Tha eva,arative logs waa 
consistently lower in experiments where the head was leit bare 
than in those where the head was covered with either mask or 


hood. a, 


7. Heat Storage: As expected, the heat storage was 
greater at high than at low room temperatures ‘Table 13), At 
both temperatures, it was macizam when the subjects ware wear- 
ing the hood. The difference in heat storage between experi-~ 
ments with mask and hood and mask alone became inconsistent 
in experiments in the cold. Heat storage was also greater at 
high temperature when the head was covered by mask than when 
the her? was bare. The difference disappeared at low tempera- 
ture, ieat storage was 2.6 cal/m* in HB experiments and 
39.5 cal/m* in HN experiments. The difference ~- tween the 
+wo experiments in heat storage was 12.7, 16.8, 5.8 and 3.1 
cal/m© on the first, sacond, third and fourth hour respective- 
Ly. 


8. oxigen Cons tion: Due to the technical difficulties 
the number of respiratory gas samples analyzed for oxygen 
concentration was small. As seen in Table 4, the averags 
walues of oxygen consumption in CH,CM and CB experiments were 
0.68, 0.72 ané 0.86 liters/min respectively. 


9. Responses during Early Termination of the Assigned 
Walk: Physiological respansea and subjec’ive syuptoms at Che 

when the subjects wore unable to continue the walk were 
recorded and are presented in Table 1k. The majority of 
failures occurred in the experiments in the heat vhen both 
mask and hood were worn, Examination of the data in Table 1 
and comparing thea with the everage values of walk data in 
Table 5 revealed that the body temperatures, pulmonary ventila- 
tion and mask pressures were higher and expirad carbon dioxide 
presauree were lower when the subjects discontinued the walk. 
The response which appeared to bs consistent irrespective of 
the experimental conditions is the attainment of a rectal 
temperature of about 39.0°C. In the experiments with hood 
on, the face appeared to be unusually red and a feeling of 
diacomfort was frequently reported, Besides the symptoms 
\ieted in Table 14 lack of motivation for a prolonged walk 


indoors, inc’ sity to wipe the sweat dripping from the farse % 
head, unusual Pesling of expired air over the eyes and fase = 
ware &)so carnniainad of, ly one subject (G,.6,)} continued 
the walk for five Uours in different experimenta. Thess d*te 
are included in the maa of paw data collected from the site 
jecste, Thia subject wag fairly resistant te neat strese a8 
indisated by the low rise of his bode tempera‘: res. There wae 
a general tendency for the ventilation to remain fairly conre 
tant until the terminetion rectal temperature of 39,3°C. 
Howavor, only one subject {D.N.! showed clear cut Kyperventila~ 
tion with a reduction in the tansion of expired carbon dioxide 
price to the attainment of 39,3°C rectal tenperature, This 
eecurred with both mask and hoed on, 


inter~relationship among Difierent Physlologizal 
>: Separets calculations were done far sac 
the data obtained during walk were treated separately 
se obtained during rest within the same experimental 
n (Appendix Tables IIA and TIB), 
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+80 
from sho 
eonditio 
data of the experinenta in the heat, 
ure showed a significant positi.s 
Bparature and also with the mean 

nijieant positive correlation was 
consisteativy obtained between 7, anc T, im ali the experiments, 
Meat body temperature being direct)7<¢alculated from the rece 
tal and skin temperaturs, a high c vreletion tetween T, and 
both T, and T, was very obvious, <.¢ cemperatures alse 
shewed a cCcneistent positive corrsiation with heart rate in 
all the experiments, Yhe relationship between the hody temper- 
atures snd partial tension of Cop was inverss in most cases, 
However, the ragative correlation coefficients betwaen Tp and 
}cO, were statis ically significant only in two experiments 
vig., those with the mask and hood and wit mask alone in hot 
conditions. The rclationship between JT, and minute velume wag 
positive, particularly in the walk data. The same was true 
hetween respiration rate ard .inute volume, The relationship 
between minute yolums and protial tension of CO. was inverse 
in all the expsriments. The negative correlatién coefficients 
were statistically significant except in HN experiments, A 
highly significant positive correlation was obtained between 
minuta volume and mask presgure i. a majority of the 
axncrimanta, 
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~~ DISCUSSION 


1, Heat Tolerance: In general, thers appears to 
be no marked dirterences in physiclogicel responses 
of the subiccta wearing mask and hood and mask only at 
neutral ambisnt tempereturs as compared to the responses 
of the subjects with head uncovered, However, in the 
heat, early termination of the experiments was primarily 
due to wearing of the mask and hood. Based on the subjective 
opinion it appeared that the hood contributed more than its 
expected share to the complaint or impairment of the subjects. 
Under heat stress conditions with the wearing of the 
mask and hood the major agent of impairment or diecomfort 
seems to be thermal rather than respiratory in nature. That 
the E33 hood attached to the M17 mask contributes considerably 
to the heat stress of men wearing the CBR protective assembly 
has been reported by Craig and his associates (9). The experi- 
ments witn the M6 hood in the heat (HH) in the present ine 
vestigation resulted in a characteristic rise of body tempera- 
tures (Figures 1, 2, 3 and 4). 


As early as 1909 Sutton (23) described the physical 
and mental state of men in hot humid conditions, ce the 
rise of rectal temperature was fairly marked (38.4-38.9°C) 
the continuance of any employment like reading a book or 
sitting in one position, became intensely tiresome, Later 
on, when the rectal temperature rose over 39,1°C any 
irritation, however slight, became not merely tiresome, but 
actually annoying and trying te one's temper. Immediete 
relief was felt on reaching the cool external temperature, 


and this was accompanied by a rapid fall in internal tempera- 


ture (1,1-1.6°C) in 10-15 minutes. At a wet-bulb temperature 
of 35°C sweating became extremely profuse-~saturating the 
flannels worn, and in one experiment the thick felt soles 

of a pair of shoes. Much irritation resulted from the sodden 
condition of these garments and from the damp condition of the 
face, from which, especially wich definite rise of internal 
temperature, the perspiration poured off in big drops. 


The average heat storage in HH experiments in the present 
study was 58.2 cal/m® at the end‘of the four-hour walk 
(Table 13). Craig et al. (28) in their experiments with 


acclimatized men dbserved that the best correlative of toler- 


ance time of walking subjects on a treadmill was thoir heat 
load. During termination c! the experiments by the subjects 
the following values of different physiological variables 
were obtained by the authors: heat storage 53.6 cal/m*, 
rectal temperatures 38,9°C, skin temperature 37.0°C, mean 
body temperature 39.3°C, the rise in body temperature 1.6°C, 
heart rate 170 and nude weight loss 2.05 Kg. In studies on 


voluntary tolerance time tn men-working in insulative cloth- 
ing in intense heat, Blookley (6) found that the abides 
heat storage value as a determinant of the tolerange t and 
of duration of unimpaired performance was 77. cal/m*. Higher 
values of this average index were perhaps attainavle here 
because of the rapid y rising skin temperatures... However, 
ne value was 55 cal/m® for the least heat tolerant individ- 
uals, . ; ; 


-. 2 Heat Induced Hypsrventilation. Because the wearing 
of the mask in the present experimenta could produce hyper- 
ventilation from respiratory influences, this wae carefully 
considered in the present work. The increase:in body tempera~ 
ture during exercise is well substantiated (2, 5, 20). The 
risa in temperature was. found to vary in different individuals 
performing the sams amount of work (16), However, relatively 
few measurements have beon made of the effect of an insrease 
in body temperature upon respiratory volume. Haldans (1)) 
observed hyperpnea in men only when their rectal temperature 
exceeded 36,9°C, At 39.1°C it waa marked during muscular work 
and distinctly noticeable during rest. Similary Graham and 
Poulton (12) did not observe dyspnea in their subjects until 


the rectal temperature exceeded 38.9°C, 


Hill and Flack (17) found that the immersion of men up 
to the neck in a hot bath (43.3 - 46.1°C) raises their body 
temperature up to 39.2+40.3°C in 15 to 20 minutes. This is 
accompanied by increased pulse rate (up. to 160) and respira- 
tory volume (up to 50 liters). Bazett and Haldane (4) obse.ved 
that in baths. below 37°C respiration of men wae unaffected. 
In hotter baths sweating began at a mouth temperature of 
37.2°C, During rapid rise of temperature hyperpnea occurred, 
Its intensity varied with the rate of rise rather than the 
temperature, . Thua one subject with a temperature of 37.2°C 
rising at 0.13° per minute breathed 27.3 liters per minute. 
Alveolar pCO» had fallen from 38.7 to 25.6 mm. The hypernea 
was acoumpanted vy faintness, mental confusion and tingling. 
When the temperature became steady the symptoms abated. Thus 
with a steady body temperature of 38.6°C the same subject wes 
treathing 12.7 liters per minute, 


Landis et al. (19) studied the effects of hot baths on 
respiration In man, Total ventilation increased sveadily as 
the body temperature rose, The minute volumes at rectal 
temperatures of 40.3 emi 39.7°C were 34.4 and 21.6 liters 


‘pespectively. In one subject the rate of rise in body 


temperature in the hot bath was 1,.9°C per hour. Maximum 
rectal tempsrature reached in 65 minutes waa 39.2°C, The : 


maximun respiratory volume at that time was 16.6 1/min, 


reepiratory rate 2] and minioum partial tenaion of alveclar 
CO. was 22.6 mm Hg. The authors concluded that in the 

hot bath increaged ventilation waa due partly to the rate 
of rise of body temperature and partly to the abscluts levei 
of body temperature. 


4 


The increass in ventilation in hot bath experiments 
has some times becn ascribed partly to the increased thoracis 
pressure ceavceed by the surrounding water. However, hyper- 
ventilation has also been observed cutside the vath in a very 
hot humid environment, Cunningham and O'Riordan (10) worked 
at a wetebulbd temperature of 39°C. In three exporimente the 
initial hyperpnea occurred after the rectal tempereture of 
the subjects had risen 1.2, 1.0 and 0.2°C, In one subject 
‘minute volume was 40 liters at a rectal temperature of 39,0°C, 
The authors concluded from their experimemts that tine 
respiratory response to 9 constant raised temperature was 
smaller than that to a rising temperature. Jampietro (18) 
observed that tre tolerance time of sitting men exposed to 
heat decreased as the incidence of tetany increased, It was 
noted that the environmental conditions which elicited most 
cases of tetany were not necessarily those with high dry- 
bulb temperatures, The incidence of tetany at DBT 115°F 
and WBT 100°F was 30% (toleraice time 67 minutes) and at. 
DBT 115°F and wBT 111°F the incidence was 88% (tolarance time 
27 min.). Thus the wet-bulb temperature appeared to be the 
more important factor, The author concluded that in the 
production of heateinduced tetany, it was the rate of change 
in blood pH and pCO,» that was critical rather than their 
absolute changes. fre change in body temperature and calcium 
concentration did not appear to be the important factors as 
tetany disappeared rapidly on removal from the hot room while 
the val:.os of these two factors remained for a time et levels 
attained in the hot room, It should be noted because of ita 
pertinence to the present work that this au‘hor reports that 
men working under severs heat and humidity conditions do not 
develcp tetany, 


One feature of hyperpnea of muscular exercise is its 
precise adjustment to the metabolic requirements of the 
subject. This is true even in cold environments where heat 
dissipation is not a limiting factor (21). The increase in 
ventilation has been found to be uirectly proportional to the 
datensity of work (13). The minute volumes at work loads of 
180, 540 and 900 Kg-m/min were 15,1, 29.1 and 46.3 liters. 


Ta’ao et al. (24) studied the influence of changes 
In body temperavures on respiration in exercising men wearing 


shoes, socks and shorts at 25° and 40°C, Relative humidit 
wes 25% in both environments, In hard work (9.3 Km/hr of” 
grade) experiments in the cool envirenmeot, the steady states 
of ventilation in the successive 10-minute bouts of exercise 
changed very little while the corresponding body temperature 
rose. On the other hand in prolonged moderate work (5.6 Km/hr, 
2.5% grade --for 2 hours) in severe “eat, hyperventilation 
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relative to oxygen consunpticn occurred when the subjects! 
rectal, mean skin and mean body temperature exceeded 39, 
37 and 38°C mesnectively, Ventilation xa not greatl 


“affected by changes in rectal temperature between 37. 


and 39.0°C, This finding. is similar to that. of De jours 


et al. (11) who 1ound that when j:.4uced hyperthermia was 


smajier than 1°C no relative hyperventilation was observed 
and the ventilatory reactions to the onset of an oxercise 
remained unchanged. Thus no evidence was found for any 


| particular stimulation due to increase in central temperature 


in mild to moderate exercise, 


In the present study the experiments always terminated 


with a rectal temperature of about 39°C. with the exesption 


of one subject (D,N.) hyperventilation did not seem to be 


' the major problem of the subjects wearing the protective mask 


and hood while working in a hot snvironment. n fact, the 
average values of respiratory variables studied were not 
markedly diffesent in different experiments (Tebles 4,-5 and 


6). 


Heat-induced hyperventilation has also been reported 


. in environments sufficiently warm to promote sweating at ea 


rate leading to dehydration of about five percent of the 
body weight (1), At an air temperature of 120°F, ths 
ventilation rate of men at rest was constant until a water 
deficit of about 5% of the body weight had been attained. 
Both heat and dehydration were required to induce the hyper- 
ventilation because when the dysrneic subject cooled off 
sufficiently without drinking water, the hyperventilatio 
disappeared, 


However, in the present study, with the exception of 
the same subject as mentioned above (D.N.) a S% weight 
loss was not odtained at the end o1 the four hour walk. 
The body was heating faster before a hign degrne cf dehydra- 
tion was attained. In these experimentis, dehydration hardly 
approached a 5% level before the subjects reached a rectal 
temperature of 39,3°C or before intolerable limits of the 


heat storage index were attained, | 


3. Special Factors, The most conspicuous response in 
the experiments with the hood was an elevated fmehead skin 
temperature (Figure 1}. In the experimental series in which 
the mask and hood were worn in combination with shorts only 
(HN) to permit a large aurface srea for sweating, the rapid 
rises of body temperatures stil] occurred, One plausible 
explanation for this phenomenon is that the head and face 
of an individual working in the heat preasnt important surfaces 
for heat exchange. This funotion is lost with hood wearing 
and iupaired with mask wearing, 


Subjective thermal discomfort appeared repeatedly «ith 
wearing of the mask and hood in the heat to the extent “hat 
the subject could no longer work, Ths face was consist ctly 
flushed and symptoms occurred fraquently (Table 14) ever: 
though the rise in temperature was less than that seen in 
many athletes in strenuous competetive events. It appears 
that part of the mask discomfort. may result from -phystolegical 
or psychologicgi effecta of an abnormal situation. 


There is some indication in the literature (2. 15) thet 
the direct heating of the head area evokes thermoregulatory 
responses greater than would be predicted fror the thermal 
increment alone. 


Hardy and Oppel (15) remarked that as regards the sensi- 
tivity of the body to heat, the location of a particular skin 
area might be more important than the size uf the ares, They 
observed that the average sensitivity of the face per square 
centimeter to the nonpenetrating infra-red radiation was more 
than twice that of the forearm and hand, Bader and Macht (2) 
Yeport that the German workers engaged in military research 
during war obtained some evidence that the face is a reflexoe~ 
genous zone, the cooling of which induces marked‘ vasoconstrice 
tion in the fingers. In their own experiments of heating 
different areas of the body by an infra-red bulb, Bader and 
Macht observed that at ea DBT of 15°C, face-warming resulted 
in a significant rise in skin temperature of the left hand 
and also a significant increases in blood flow through the 
hand as measured by venous occlusion plethysmography. On the 
other hand, warming either the chest or the lower leg caused 
no significant changss in skin temperature or peripheral 
blood flow, At 23,5°C DBT, warming either the chest or face 
to ye to yhy°C for 90 minutes resulted in significant rises 
in skin temperature of the hands and toes, The incresse in 
both skin temperature and blood flow was greater in face- 
heating than in chest-heating. However, in any of the warm~ 
ing experiments, no consistsont changes in skin temperature 
of forearm, back, thigh or in rectal temperature were noted, 


Thu. -vbsequent to the main series of tests in the first 
phase c’ thi. study a few experiments of exploratory nature 
were eoaducted in the second phase, The design of the experi- 
ments in the second phase was influenced by the results of the 
experiments in the first phage. 


III, Second Phase 


A. Experiments on Heating of Localized Areas of Lie Body. 


A series of experiments were conducted with a resting 
subject to investigate the effect of heating the head area 
as compared to an equivalent area in the trunk, 


Heating was done either with a heating taps, a metal cup 
circulatiug hot air through it or by infra-red lamp and re- 
flective heating coil. With the tape and the cup, the heat- 
ing was restricted to a very amall area while with the other 
methods the heating was done over a wider aree, The sweating 
rate was recorded from the calf, thigh, arm and chest by the 
resistance hygrometry method (7). 


At a dry bulb temperature of 30°C some increase in 
aweeting was notec durang the latter part of the heating 
period. This response was observed only in heating thc 
Torehead, back of the head, and doreal neck only. There 
was no response in heating the abdomen, At a dry bulb 
temperature of 33°C, the increase in sweating was most marked 
in heating the neck, intermediate in heating the uead and 
least in heating the abdomen (Ficure 8), At dry buib 
temperatures of 36°C and 40°C using an infra-red lamp and the 
heating coil, the difference in sweating rate between the 
two treatments disappeared and the responses reversed in 
Magnitude in gome casas, 


The rectsl temperature of the subject remained steady 
at 37.8°C It did not rise in any of these experiments, sven 
though the heating of a localized erea was continued for 
from 20 minutes to as long as one licur. However, at higher 
room temperatures, fhe temperature of the tympanic membrane, 
which was lower than the rectal temperatura by 0.3°C at the 
beginning of the experiments, merged with the latter as the 
experiment progresasd, The dissppearance of the temperature 
gradient was faster in head heating than in abdomen heating. 


B. Experiments with Mask and Hood on. 


Different experiments were conductad with the subject 
weering the mask, heod ana shorts in s hot room, 


At 36°C (DBT) an immediace rise in sweating fram the 
limbs and the chest as recorded by the resistance hygrometry 
method (7) was observed when the mask and hood were worn by 
the subject. There was a similar decline in swaating when 
the mask and hood were taken off (Figure 9). These responses 
were less evident at a higher voom temperature vizg,, W5°C. 
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Attampts were made « ventilate the head area covered by 


the hood ty circulating cold air under it through a perforated 


tubing, The temperature of the circulating air was about 5°C 
Lower than the room temperature, The decline in sweating 
rate with circulating cold air was greater at 26°C (Figure 10 
than at 37°C, or 45°C (Figure 21}, 


in another experiment at 35°C the ventilation of the 
subject when wearing the mask and hood (MH) was compared 
with that when the head was bare {B), The ventilation ratio 
(MH:B) was less than unity during rest. When the subject 
startec working at 300 Kgm/min on a bicycle, the ratio 
approached one, This finding was similar to the results in 
earlier experiments on the treadmill in the first phase. 
The decrease in ventilation under the condition of greater 
respiratory resistance has also been reported by Silverman 
and his co-workers (22), 


IV CONCLUSIONS 


The M6 hood adds considerably to the heat stress of the 
subjects, Similarly, as compared to subjects with the heads 
kept uncovered, wearing the M17 protective mask also resulta 
in greater discomfort in the heat. The impairment in per- 
formance of men wearing the protective mask and hood is also 
evident when the rest of the body except for the loins is 
left bare and thus exposed to the environment for evaporative 
heat loss. However, at neutral ambient temperature the work- 
ing ability of the subjects did not seem to be affected by 
wearing the entire set of the protective clothing, including 
the mask and hood. 


Since a high body temperature seems to be essential for 
a rise in ventilation, further experiments need to be carried 
out to determine whether in subjects working in the heat, 
wearing mask and hood after the attainment of a rectal 
temperature of 39°C or more results in hyperventilation. 
une subjects ti eigg Ctei ce) have , 1) reportad serars 
thermal discomforuv prior to the attainnent of any hype: - 
ventilation with c ly one exception. The attainment of a 
heat storage index above a tolerable level appeared to bea 
the critical factor, 


Another extension of this problem will be to conduct 
some well designed basic experiments to investigate whether 
an increase in skin temperature of the head area can be & 
specific cause of rise in body temperatures. 
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- Vasodilatation Produced by the Warming ‘of ‘Yarious Bady 


Blevins. Heat Load and Voluntary Tolerance Time. J, Appl. 
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Ept. 2 3 & 5 6 7:12 38 & 5 6 79 
A ETC SORES SEE OD) ROE = 
Foreiead temp. | sein terp, 
1 NS RRR RNS | NS NS *% #4 4 AS 
2 NS et Ke ee NS NS rr ae RS NS 
3 RH ee Ke HE | ee ae bad NS 
4 ee 2% ei | NS NS ry 
5 NS beled 4S 4% 
6 ory wt 
Mean body temp, Nude Weis loss 
1 NS NS beled Lael baled NS NS NS * * * 4S 
2 NS # * * NS | NS * * * NS 
3 ee HHO | * au HONS 
L NS nS NS oNS om 
5 NS oa WS ox’ 
6 oe an 
Percent. nude wt, loss Clothad wt, Sons 
1 NS NS aH +e *% NS | Ns NS ee OH oc) 8S 
2 NS ® #2 ne RS | NS bali ay _ ae nae 
3 ee ue ONS Me ae rae NS 
4 NS oNS) oo” WS ooms 
5 NSM NS, 
6 a as 


*P 0.05, **P @.01, NS = Kot significant 
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*P Q.05, *P Q.Cl, NS = Not significant 


Apyvencix A 


ee ae a emmnesanamenmmannemmeiematenethentatetoed 


Gicin tem, 

x wS ee ae 
RS ote OH 
ae xe 
NS 

NS NS * # 
NS WS 48S 

* * 
NS 


ue 


ae 


et 


NS 


NS 


:h aE 


* 
* 


z 


Faience el arn aati ancactae ta a aldCoecemenneneeliatad ae: 


Table 3 (contd. ) 


ists only) 


Respiration rate 


1 NS NS NS NS 
2 NS NS NS 
2 NS NS 
4 NS 
2 
6 


Partial tension cf C0 


i NS * NS Ns 
2 NS NS NS 
3 * NS 
4 NS 
> 
6 


NS 


ue 


NS 


Minute velume 
‘NS NS NS 
NS NS KS 
% +t 
NS 

Mask Pressure 
8S NS 
% * 8S 
NS NS 

NS 


RNS 


NS 
NS 
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*P (0.05, **P (0.01, NS = Not significant 
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Tables (contd.) 
't' Teste, among ‘the Regr eesion Coefficients (rest date only) 


Minute Volume 
| 1 NS NS #%# #H  ** ONS NS NS * ae 
2 NS -*## HHH ONS NS NS NS ** 4S 
3 ee ee NS NS NS 4S 
4 Ns NG # NS NS 4S 
5 NS + | ‘NS NS 
: 6 ae * 
Mask pressure 
i , 1 NS #*# ** ONS ¥* ONS 
2 NS * NS KS 
3 NS NS NS NS 1 
4 ys NS * 
5 * NS 
6 * 
ree eee ee ohemeer rncerneteri ne aRSTREL PN AE QRS NE SRN SA RATS 
*P £0.05, **P @.01, NS = Not significant 
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Tp t, 7, HR peda. f % P. 


sa ceaetle aetna niatnenenmamend 


654 ** .56B HH 952 HH LETH HH} 352 HH LAL my tH 296 Ht 


530 *# = 6659 HH SOL HH +289 # 121 145 070 


Ts £806 673-442 #035238 238 


Tp | -700 **# -.409 **# 6117 9 #269 * 
HR . : -~.232 ~,123 ~,103 ~.126 


pO, | -.039 ~.497 #* =.375 # 
f .281 * = 539 #* 
v | 7 | 7 me ae 


*P (0.05, **P ©.01 


T, 621 4* 818 *# 976 566 HR =.L54 M354 .259* «220 


of Tr 1409 *# 436 125-413 HH 5G HH 183 =, 86 
a to | 1923 *F 486 HH 550 HEB 1TH 
: Th: © 570 **=.503 8 338 #23907? 
8 WR | -.527** 087 234-4106 
| pCO, -.611 # =,395 #162 
| f . TT 267 
| v 4524 
| *P 0.05, *#P Q.01 
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151 042 
189 ~.222 * 

»290 * O44 

226 017 
732 ** = 359 * 
=1235 *  =.59% Ht 
548 *t 


“Pp 0.65, **P ©.01 
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P t t, HR pCO, f v Py 
T. -.036-  .264* | .761 #* .596 ** 068 155 -.070 ==. 270 '# 
T, #6260 * =. 202 -.137  — -. 061 174 -.016 2137 
t | 827 ** 4498 #1599 330 HH 420 HL 2Tz 8 
tT, | "708 ** 1239 #309 *# 6243 #035 
HR Be 020.225 183 
p00, - -.021  =.513 * -.325 
f <240°# 325 
v 707 


* &.05, **P'@.01 


Inter-correlntion Matrix (walk data only! 
_ oxperiment #5 | 
i . 7 ROD an cme 2 
T+, 2le* 676 2M 122 SR 065 «285 
t. -.140 -.110 O57 = 20h UL #H -.215 =. 
t 867 ** 167-184 024 ,233 * 380 #8 
t 002-089 .095 .209 408 
~.195 0136 42.206 
pCO, . . -.166 _=,369 #* -, 488 #0 
t | | 295.129 
v 688 ee 


*P 6.05, **P 4.01 


Re Ty T, mR pC0» f 7 
= : eae ert eee eee! ae PeR 
tT  ~.199 100 sid 45H EH ATL iGS 2336 ¥Y  274 
Tp (966 173 gd OLDIA e136 + 262 8 
T, 2825 #* (197 ,28] ** 002 137 
Ty 416 #129 194 277 * 
HR -,072 .339 ** = 4409 &# 
pO, = 533 Mt +230 


£ +316 


-758 #7 HH LLG 
«326 #t . 393 ** 16 
2886 #537 Ht 


0654 He 


®P (0.05, **P 9.01 
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7 7% % Mm po ft a? 
T, 6689 764 ** 956 ** 762 032.016 514 2% 457 
T, 739 ** 140 ** 495 18700809399 
tr 920 #*# 4666 ** = .099.090 355% 32h * 
, £768 ** = 023.052 47h #8 (424 #8 
ER 234 .247 «284 522 ## 
POU, 217) =. 465 *#*  ~.297 * 
al -.122 .003 
i 570 *# 


Le 524 ** 806 ## 
: 9682 ##* 


*P £0.05, **P (0.01 
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0955 #* 
630 ** 


-945 ** 


724, *# 


2550 


He 


Be 


RE 


~-313 * 


hbk 
2275 *# 
348 
419 > + 
284 * 
~,397 8% 
086 


T0026. 6733 #938 #685 #084 179 =O 2.028 


Te 69 06H ZT 95078, 
t: 1923 ** 744 ** 050 257 08Ss«w 020. 
Hees PS tee .762** .080  =.2 02s‘ 

| Mm | -.08  .320* 197.384 

: ped, . ae bee 5 ~.532 ** -,551 #* -,293: 


a 


0591 ** = 385 *# 


*P ©.05, **P .03 


T err ee ee en ee 

: cr 885 HH 993 HH 1252 092-6 = 
023-1348 * -.043° = .098 .005 
HR | ee 7 .062 116 176 2295 
.040 


*P 0.05, **P 0.01 
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T.  .023 (897 #8 77 33L eH 2221865137 
Tp 125 09k =.076 1260.05 3.032 
' 881 ** 4145-195 0056 SL RK 
t. 343 * 0450-5 =e 22 
: HR -.184  -.086 082 2H 
| poo, ~.162-=.502 #*  ~.194 : 
f 047 =.420 #* 
v -235 : 


*P (0.05, **P €.01 


*P £0.05, **P 0.01 


: . 
Inter-vorrelation datr'x (rest dete only) 
c. ‘ Ty, a Yo Pa 
T, -A67*# 748 ** 941 #757 *# 004 = -.132 12 497 : 
t. 566 #550 #* 431 #* 099 1122073 .290 3 
t, 1928 ** 649.0590 «iw 
T, | .754** 032-072-139 
HR 152 =.228 = 262 452 *# 
pCO. -.179  =.251 = -.070 
se -.047 =.'7a2 
v .333 * : 


*P @.05, *#P 00.91 
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Subject Number _-) Gaifials . 

1 “ee. 

2 5.T. 

3 "RAS, 

be j ‘RB. 

5 7.8, 

6 RH. 

7 DN. 

8 Lo, 

9 C.Z. 

10 GH. 

pi ee : BK. 

Description Unit 

Rectal temperature *¢ 
Forehead skin temperature °¢ 
Mean skin teuperature *¢ 
Heart rate ” peate/nin 
Partial tenaton of COs - ma Hg 
Respiration rate vreaths/ain 
Minute volume aters(STPD) 
Mean oody temperature *c . 
Mask pressure om B20 


Data of the Sth hour experiment .. 


Time (min) Expt g2 #y. és £6. 


260 33.6 37.6 37.9 37.3 ° 
280 33.7 37.9 33.0 37.6 
300 39.1 37.9 37.7 2.7 


. 260 3564 34.7 3204 32.9 
| 280 35.3 35.0 31.8 32.8 
300 36.6 34.9 3201 31.9 


260 36.5 Bhel 3384 33.3 ; 
280 36.4 34.5 33.5 33.2 


35.0 


130 


130 - x 
101 92 


PoOs . 
25.0 32.3 


26.0 
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